Objectives: Patients with chronic kidney disease present a higher degree of left ventricular hypertrophy than expected for hypertension levels. In chronic kidney disease the plot between the quotient extracellular water/total body water and aldosterone is shifted up and to the right. There are few studies that verified the role of aldosterone in cardiac remodeling in this set of patients. The aim of this study was to evaluate the relationship between serum aldosterone and left ventricular mass index in patients with chronic kidney disease on hemodialysis. Methods: The patients were submitted to clinical and laboratory evaluation, bioelectrical impedance, echocardiography and ambulatory blood pressure monitoring. The 27 patients included were divided into two groups according to aldosterone level and compared with each other. Results: The group of patients with higher aldosterone levels had higher left ventricular mass index. These groups were heterogeneous with regard to ambulatory systolic blood pressure, body mass index, and aldosterone levels and homogeneous with regard to the quotient extracellular water/total body water, renin-angiotensin-aldosterone system blockers, beta blocker use and other clinical characteristics. The association between aldosterone levels and left ventricular mass index was adjusted to confounding variables by a multiple linear regression analysis in which aldosterone was independently associated with left ventricular mass index. Conclusion: The data presented are consistent with a pathogenic role of aldosterone in left ventricular hypertrophy in patients with chronic kidney dialysis in dialysis patients. Trial registration: ClinicalTrials.gov identifier: NCT01128101.
Introduction
Left ventricular hypertrophy (LVH) is a major cardiovascular risk factor and a powerful predictor of mortality in chronic kidney disease (CKD) patients [Martin et al. 2004 ]. In CKD, there is a higher degree of ventricular hypertrophy than expected for the hypertension levels, thus the relationship between ventricular mass and blood pressure is higher than that presented in essential hypertension itself, and has been called inappropriate hypertrophy [London et al. 2001; Martin et al. 2004; Olsen et al. 2004; Cerasola et al. 2011] .
Several factors may be considered in the genesis of inappropriate hypertrophy in CKD. Among these factors are fluid and salt excess [Cailar et al. 2010] , increase of the parathyroid hormone (PTH) [Custódio et al. 2012] , anemia [Levin et al. 1999] , arteriovenous fistula [Covic et al. 2010] , sympathetic hyperactivity [Rump et al. Aldosterone is associated with left ventricular hypertrophy in hemodialysis patients 2000] , increased activity of the renin-angiotensin-aldosterone system (RAAS) [Bhattacharya et al. 2009] , and other unidentified factors.
It has been known that aldosterone is associated with abnormal myocardial growth [Matsubara et al. 2010] . Besides sodium retention, aldosterone also reduces myocardial norepinephrine uptake and sensitivity of baroreceptors, promotes myocardial fibrosis, fibroblast proliferation, and changes in sodium channel expression [Rocco and Fang, 2006 ]. These latter effects stimulate cardiac remodeling [Weber, 2001] .
In edematous patients with heart failure or renal failure, aldosterone promotes an increase of extracellular volume, increasing plasma volume and a continuous retaining of sodium by the kidneys [Lee et al. 2008 ]. Furthermore, the relationship between aldosterone and extracellular volume is clearly shifted to the right in patients with CKD in hemodialysis (HD) [Bomback et al. 2009 ].
In this context, the effect of drugs which reduce serum concentration of angiotensin and its effect, which is the most potent stimulus for aldosterone secretion, might be supplanted, which leads to a new state of excessive aldosterone: a phenomenon called breakthrough of aldosterone [Schrier, 2010] .
In summary: there is a very probable major role of aldosterone in the high prevalence of LVH of CKD patients but there are few studies that indicated the role of aldosterone in cardiac remodeling in this set of patients [Sato et al. 1999; Steigerwalt et al. 2007 ]. Because of the need for more information about the potential role of aldosterone in the progression of LVH in patients' HD, the objective of this study is to determine whether the inappropriate elevation of the levels of this hormone may be associated with ventricular hypertrophy in these patients.
Methods

Study design
It constitutes a prospective observational trial to evaluate the association between aldosterone levels and left ventricular mass of HD patients ( Figure 1 ). This protocol follows the 196/96 Resolution of National Health Council [Conselho Nacional De Saúde, 1996] and was approved by the local Ethics Committee Protocol (CEP 3439-2010) . All patients gave their written informed consent.
Inclusion criteria
Patients with CKD on HD aged at least 18 years, who presented with left ventricular mass index (LVMI) greater than 51 g/m 2.7 [Zoccali et al. 2001] , indexed for height, with stable antihypertensive treatment in the last 6 months.
Exclusion criteria
Dialysis dose measured by Kt/V [Daugirdas, 1995] less than 1.2; history or evidence of angina or myocardial infarction, heart failure, peripheral vascular disease, previous hyperkalemia, valvular heart disease, atrial fibrillation, hemoglobin < 10g/ dl, patients under treatment with spironolactone.
Groups
Patients were evaluated prior to inclusion in the study protocol and then divided into two groups according to the value of the median levels of all patients (Figure 1 ). Group 1 comprised patients who had lower aldosterone levels and Group 2, higher aldosterone levels. These groups were compared for the studied variables.
Variables
Blood samples were collected immediately prior to the start of HD for routine hematology (red blood cells, white blood count and platelet count), and biochemistry (urea, creatinine, potassium, calcium, phosphorus, alanine amino transferase, total proteins and fractions, alkaline phosphatase, transferrin, serum iron, ferritin, C-reactive protein (CRP), PTH, lipid profile and glycated hemoglobin). Samples were collected pre-and post-dialysis for urea. The dose of dialysis was determined by Daugirdas' formula [Daugirdas, 1995] . For measurement of aldosterone levels the blood samples were collected after the patient remained supine for 30 minutes (for the stabilization of plasma levels). The samples were centrifuged at 2500 rpm, 4°C, and the plasmas were stored at -80°C for later immunoradiometric assay.
Echocardiography (ECHO)
Echocardiograms were performed at the Center for Diagnostic Imaging (Univertsity Hospital of Botucatu (SP) -Brazil) by a single examiner. The equipment used was the Vivid S6 GE (General Electric) equipped with multifrequency ultrasonic transducer (2.0 to 3.5 MHz) and record system. Images were obtained and analyzed following the recommendations of the American Society of Echocardiography [Chamber Quantification Writing Group, 2005] on the interdialytic day [Martin et al. 2003 ]. The following data were recorded: heart rate, systolic and diastolic dimensions of the left ventricle, diastolic thickness of the posterior wall and septum. These data were used to calculate ventricular mass, using the following formula: left ventricular mass (g) = 0.8 × {1:04
where LVDD, left ventricular diastolic dimension; and EDPW and EDS represent the thickness of the end-diastolic posterior wall and interventricular septum respectively. The left ventricular mass was normalized for height to the power 2.7 [Zoccali et al. 2001] .
Ambulatory blood pressure monitoring Ambulatory blood pressure monitoring (ABPM) was performed with a SpaceLabs 90202 monitor (SpaceLabs, Redmond, WA, USA) in an inter-HD period that was 24 hours before the beginning of the next HD (24-h ABPM). Examinations were considered valid if they fulfilled the following criteria: minimum of recording 21 h, and minimum number of valid measurements per hour: three during waking hours and two during sleep hours [Sociedade Brasileira De Cardiologia, 2011] . The following parameters were considered for interpretation: 24 h, wake and sleep mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) and percentage of nocturnal dipping for SBP and DBP.
Bioelectrical impedance
We used a monofrequencial bioimpedance device (BIA) of Biodynamics ® , model 450 (Seattle, Washington, USA). The analysis of BIA was based on the measurement of total body resistance to the passage of an electric current of 800 μA and 50 kHz. The measurement was performed on the contralateral side of vascular access, with the patient in supine position on a nonconductive surface, with a check to make sure their legs did not touch one another and their arms did not touch their trunk. Weight, height, sex and age were recorded on the device. The values determined by the device are based on the calculation of equations proposed by Kushner and Schoeller [Kushner and Schoeller, 1986 ] and Cohn and colleagues [Cohn et al. 1985] . Resistance and reactance were determined to calculate total body water (TBW), and intracellular and extracellular water values (ECW).
Statistical analysis
The data were expressed as mean ± standard deviation for normally distributed variables and median (first and third quartiles) for the variables of nonparametric distribution. The groups were compared by a Student's t-test, Mann-Whitney test, Chi-square test or Fisher test when appropriate. A multiple linear regression analysis was performed between aldosterone level and variables with p < 0.1 between groups, namely: LVMI as a dependent variable and adjusted to potential confounding factors including: SBP, albumin, body mass index (BMI) and aldosterone (model 1) and model 2: the same independent variables but left ventricular mass without indexation as an independent variable. CRP was forced in both models. Differences were considered statistically significant at p < 0.05.
Results
The flowchart of patient inclusion is depicted in Figure 1 . From 215 patients, 172 presented exclusion criteria: 10 patients by inadequate dialysis dose; 32 by history or evidence of angina or myocardial infarction, 19 patients by heart failure, 15 by peripheral vascular disease, 22 by previous hyperkalemia, 4 by valvular heart disease, 6 by atrial fibrillation, 16 by hemoglobin < 10g/dl, 5 patients under treatment with spironolactone, and 43 patients fulfilled more than one exclusion criterion.
The clinical characteristics are presented in Table  1 . The groups did not differ with regard to age, gender, height, interdialytic weight gain, dialysis vintage, ambulatory DBP, relationship between ECW/TBW, RAAS blockers use or beta-blockers. All other relevant medications were retrieved from medical records and depicted in this table.
Only insulin use demonstrated a statistical significance between groups. No patient was taking oral antidiabetic medications. Body mass, BMI, TBW, ECW, awake SBP, left ventricular mass and LVMI were different between groups. With regard to urine volume, all patients of both groups were anuric (<100ml/24 h). Ethnicity was homogeneous between groups; only one patient of African descent participated in the lower aldosterone group. In regard of vascular accesses, in group 1 there were two patients with proximal fistulas, seven with distal fistulas and five with catheters; in group 2 there were no patients with proximal fistulas, eight with distal fistulas and five with catheters; p = 0.362. Table 2 shows laboratory data. The groups were homogeneous with regard to potassium, PTH, CRP, calcium, phosphorus, urea, creatinine, hemoglobin, iron, ferritin and glycated hemoglobin. Albumin approached statistical significance (p < 0.1). Group 2 presented aldosterone levels above the normal values median (Figure 2) . The patients included in this study were anuric and not able to measure sodium excretion, furthermore ECW/TBW was used to determine the volume status of these patients (Figure 2 ). Group 2 presented higher LVMI (Figure 3) . The groups were heterogeneous with regard to interventricular septum thickness (group 1: 12 ± 1.6 mm versus group 2: 13 ± 1.5 mm, p = 0.048) and LVDD (group 1: 45 ± 3.4 mm versus group 2: 48 ± 3.2 mm, p = 0.041). Table 3 shows p-values and univariate correlation coefficients between tested variables and LVMI. Table 4 shows the same data in relation to left ventricular mass. These variables were chosen to compose the multiple regression analysis in which aldosterone levels and BMI were independent variables associated with LVMI (aldosterone: r = 0.679, p = 0.018 and BMI: r = 0.492, p = 0.019). CRP was used in the model to assess the influence of a microinflammatory state (r = 2.569, p = 0.028) (Table 3 ). To rule out the possibility of mathematical coupling in relation to LVMI and BMI, multiple regression analysis was repeated using left ventricular mass as the dependent variable. In this analysis, it correlated with albumin, aldosterone and CRP (albumin: r = 0.632, p = 0.035; aldosterone: r = 0.975, p = 0.007 and CRP: r = 0.560, p = 0.023) (Table 4 ).
Discussion
Aldosterone breakthrough is defined as the inappropriate increase of aldosterone levels beyond physiological controllers, namely, stimulation by angiotensin II or potassium excess and inhibition by volume excess [Bomback and Klemmer, 2007; Schrier et al. 2010 ]. In patients with CKD, aldosterone levels are inappropriately high, even for a greater extracellular volume of these patients when compared to a control group [Bomback et al. 2009 ]. In other words, aldosterone is involved in the pathogenesis of LVH in other subsets of patients. The relationship between left ventricular mass and aldosterone is well stated among hypertensive and diabetic patients but not in CKD, particularly among dialysis patients, therefore, this premise was not evaluated in CKD patients. Therefore, the aim of this study was to determine whether aldosterone might be associated with inappropriate ventricular hypertrophy in HD patients. In the current study we found that LVH was associated with aldosterone levels independently of confounding factors, in a subset of patients not previously evaluated for this issue.
Interestingly, aldosterone breakthrough occurs despite treatment with angiotensin-convertingenzyme inhibitors, angiotensin receptor blockers or beta blockers [Schrier, 2010] . In the present study lower levels of aldosterone in group 1 cannot be explained by inhibition of the RAAS, since these patients used RAAS blockers or beta-blockers less frequently. It should be noted that group 2, which showed the higher serum aldosterone levels, was composed of patients with a higher BMI. This fact can constitute an alternative explanation for the autonomous and inappropriate secretion of aldosterone, since adipocytes can stimulate aldosterone secretion by a soluble factor [Miki et al. 2006 ]. Recently, it has been shown that there is crossregulation between the RAAS and adipose tissue [Calhoun and Sharma, 2010; Flynn and Backris, 2011; Aghamohammadzadeh and Heagerty, 2012; Anagnostis et al. 2014] . Adipose tissue is a producer of adiponectin, an adipokine associated with an improvement in cardiorenal diseases in obesity. However, in situations in which dysfunction occurs in adipose tissue, as in diabetes mellitus, adiponectin levels are decreased, reducing the stimulation of adiponectin receptors in the adrenal cortex, generating an increase in plasma aldosterone [Flynn and Backris, 2011] .
LVH occurs due to the growth of cardiomyocytes, and may be accompanied by other changes in tissue structure. Aldosterone stimulates cardiac remodeling [Weber, 2001] , but it may also stimulate the production of reactive oxygen species and transforming growth factor beta (TGFb), via the mineralocorticoid receptor (MR) [Calhoun and Sharma, 2010] . The MR response in various organs (heart, blood vessels, liver, pancreatic cells and glomerular mesangial cells) has been regarded Data expressed in mean ± standard deviation, except when flagged with *: median (first quartile-third quartile). † : selected to multiple analysis.
Figure 2.
Relationship between aldosterone and volume status in patients with chronic kidney disease in hemodialysis.
Figure 3.
Left ventricular mass index in relation to plasma aldosterone in patients with chronic kidney disease in hemodialysis. Group 1: patients with an aldosterone equal to or below the median. Group 2: patients with aldosterone above the median, p = 0.030.
as responsible for nongenomic effects of aldosterone. The transcription factor NF-kB may also be involved in these effects, leading to inflammation, oxidative stress, apoptosis and fibrosis Leroy et al. 2009 ]. In the current study, we used CRP in the multiple regression models to assess the impact of inflammation in these patients, and there was a correlation between CRP and LVMI, confirming the literature data.
The lower albumin level in group 2 (which had higher left ventricular mass and LVMI) can also be explained by the fact that the average normal plasma aldosterone concentration (free and protein bound) is 6 ng/dl and a free fraction constitutes 30-40% of the total [McPhee, 2011] . However, the decreased serum albumin levels cause a shift in the balance between bound fraction and free fraction of aldosterone, increasing the latter; a fact consistent with the highest serum aldosterone values found in this group.
The group with aldosterone levels excess has more diabetic patients; however, without reaching statistically significant difference, so the higher degree of LVH in this group could be eventually explained by diabetes. But other authors have documented that diabetics have more aldosterone [De Oliveira et al. 1997] , and more LVH [Rao et al. 2013] . So, it is a good premise that excess LVH in diabetes could be explained by aldosterone excess [Buglioni et al. 2015] . In a post hoc analysis of this study, a multiple logistic regression analysis, to include the presence of diabetes (a binary variable) as a confounding variable, with outcome variable LVMI categorized as above or below median, showed an odds ratio to association of aldosterone with greater LVMI of 1.96 CI 95% (1.007-1.42); p = 0.041 (not shown in results). Moreover, if we stratify the patients, removing all diabetic patients from both groups, the difference in left ventricular mass is maintained between high and low aldosterone groups. This association of aldosterone independent of diabetes presence points favorably to the premise mentioned above. Only insulin use demonstrated a statistical significance between groups. Insulin levels are not necessarily higher in insulin users because our diabetic patients have late-phase diabetes and probably less endogenous insulin. On the other hand, it is important to highlight that if we eliminate diabetics from the study, as demonstrated above, left ventricular mass continues to be more elevated in the high aldosterone group.
Patients of both groups were anuric and showed no difference in weight gain between interdialytic both groups. In terms of aldosterone and race we had only one Afro-American, and this patient was in the low aldosterone group. Although we are in Brazil, our city population is mostly of Italian origin.
Regarding blood pressure, we cannot exclude a role of this important factor; we only adjusted the association of left ventricular mass and aldosterone to blood pressure. We recognize the role that PTH and its relationship with the Klotho/FGF23 plays in the genesis of LVH (Leifheit-Nestler et al. 2015), but we were unable to effectuate studies in this way in the current study; we emphasize however, that PTH and phosphate values were homogeneous among our groups.
Some limitations must be recognized. It is a crosssectional study with the characteristics inherent of this design, but the observed association remained statistically significant even when submitted to multiple analyses. Moreover, despite the limited number of patients, each patient underwent a complete evaluation of their cardiovascular and hormonal condition and the sample size was sufficient to detect statistically significant differences. These limitations require the confirmation of the present study in a work with a higher number of patients. Importantly, few studies evaluate the possible association between aldosterone levels and left ventricular mass in patients with CKD in HD.
In conclusion, patients with CKD in HD who demonstrate high aldosterone levels generally are diabetics with elevated BMI, resulting in lipid changes and increased LVMI. In these patients a direct association was observed between aldosterone levels and ventricular mass, independent of the evaluated confounding factors. This association had been demonstrated previously in hypertensive and diabetic patients, but not in dialysis.
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